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(57) The present application provides a power gen-
eration system (100). The power generation system
(100) may include a gas turbine engine (110) to create
a flow of combustion gases (160), a steam turbine (210),
and a steam turbine preheating system (230). The steam
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STEAM TURBINE PREHEATING SYSTEM

turbine preheating system (230) may receive an extrac-
tion (240) of the flow of combustion gases (160) and de-
livers the extraction (240) to the steam turbine (210) to
preheat the steam turbine (210).
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Description
TECHNICAL FIELD

[0001] The presentapplication and the resultant patent
relate generally to turbomachinery and more particularly
relate to a power generation system with a steam turbine
having a preheating system for using hot combustion gas
extractions from a gas turbine to warm the steam turbine
during start-up.

BACKGROUND OF THE INVENTION

[0002] A power generation plant such as a combined
cycle power generation system generally includes a gas
turbine engine, a heat recovery steam generator, and a
steam turbine. The gas turbine engine may be coupled
with a generator to produce electricity or to drive other
types of loads. The hot combustion gases from the gas
turbine engine may be introduced into the heat recovery
steam generator to generate a flow of steam. The flow
of steam in turn may drive the steam turbine. The steam
turbine also may be coupled to a generator to produce
additional electricity. A co-generation power generation
system and the like may operate in a similar manner to
produce both electricity and heat.

[0003] Minimizing start-up times may improve the
availability of the combined cycle power plant and may
reduce overall maintenance costs and start-up emis-
sions. Steam turbine start-up, however, may be slow rel-
ative to gas turbine start-up. The start-up time of the
steam turbine may be limited by thermal stresses caused
by temperature gradients between, for example, the rotor
core and the blades. As the rotor temperature is in-
creased, higher inlet steam temperatures may be al-
lowed. Gas turbine output, however, may not be allowed
to increase until the steam turbine and the internal rotor
are heated to a sufficient temperature. Running the gas
turbine at such a low output may reduce the overall power
generation, may waste fuel, and may cause higher con-
centrations of emissions.

SUMMARY OF THE INVENTION

[0004] The presentapplication and the resultant patent
thus provide a power generation system. The power gen-
eration system may include a gas turbine engine for cre-
ating a flow of combustion gases, a steam turbine, and
a steam turbine preheating system. The steam turbine
preheating system may receive an extraction of the flow
of combustion gases and delivers the extraction to the
steam turbine to preheat the steam turbine.

[0005] The presentapplication and the resultant patent
further provide a method of preheating a steam turbine
in a power generation system. The method may include
the steps of extracting hot combustion gases from a gas
turbine, filtering the extraction of the hot combustion gas-
es, and flowing the extraction of the hot combustion gas-
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es to warm a shell of the steam turbine.

[0006] The presentapplicationand the resultant patent
further provide a combined cycle power generation sys-
tem. The combined cycle power generation system may
include a gas turbine engine for creating a flow of com-
bustion gases, a steam turbine, a heat recovery steam
generator, and a steam turbine preheating system. The
steam turbine preheating system may receive an extrac-
tion of the flow of combustion gases and delivers the
extraction to the steam turbine to preheat the steam tur-
bine.

[0007] These and other features and improvements of
the present application and the resultant patent will be-
come apparent to one of ordinary skill in the art upon
review of the following detailed description when taken
in conjunction with the several drawings and the append-
ed claims.

BRIEF DESCRIPTION OF THE DRAWINGS
[0008]

Fig. 1 is a schematic diagram of a combined cycle
power generation system with a steam turbine pre-
heating system as may be described herein.

Fig. 2 is a schematic diagram of an alternative em-
bodiment of a combined cycle power generation sys-
tem with a steam turbine preheating system as may
be described herein.

Fig. 3 is a schematic diagram of an alternative em-
bodiment of a combined cycle power generation sys-
tem with a steam turbine preheating system as may
be described herein.

Fig. 4 a schematic diagram of an alternative embod-
iment of a combined cycle power generation system
with a steam turbine preheating system as may be
described herein.

Fig. 5 is a schematic diagram of an alternative em-
bodiment of a combined cycle power generation sys-
tem with a steam turbine preheating system as may
be described herein.

Fig. 6 is a schematic diagram of an alternative em-
bodiment of a combined cycle power generation sys-
tem with a steam turbine preheating system as may
be described herein.

DETAILED DESCRIPTION

[0009] Referring now to the drawings, in which like nu-
merals refer to like elements throughout the several
views, Fig. 1 shows a schematic diagram of a combined
cycle power generation system 100 as may be described
herein. The combined cycle power generation system
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100 may include a gas turbine engine 110. The gas tur-
bine engine 110 may include a compressor 120. The
compressor 120 compresses an incoming flow of air 130.
The compressor 120 delivers the compressed flow of air
130 to a combustor 140. The combustor 140 mixes the
compressed flow of air 130 with a pressurized flow of fuel
150 and ignites the mixture to create a flow of hot com-
bustion gases 160. Although only a single combustor 140
is shown, the gas turbine engine 110 may include any
number of combustors 140 positioned in a circumferential
array or otherwise. The flow of combustion gases 160 is
in turn delivered to a turbine 170. The flow of combustion
gases 160 drives the turbine 170 so as to produce me-
chanical work. The mechanical work produced in the tur-
bine 170 drives the compressor 120 via a shaft 180 and
an external load such as an electrical generator and the
like.

[0010] The gas turbine engine 110 may use natural
gas, various types of syngas, liquid fuels, and/or other
types of fuels and blends thereof. The gas turbine engine
110 may be any one of a number of different gas turbine
engines offered by General Electric Company of
Schenectady, New York, including, but not limited to, a
7 or a 9 series heavy duty gas turbine engine and the
like. The gas turbine engines 110 may have many differ-
ent configurations and may have other types of compo-
nents. Other types of gas turbine engines also may be
used herein. Multiple gas turbine engines, other types of
turbines, and other types of power generation equipment
also may be used herein together.

[0011] The combined cycle power generation system
100 may include a heat recovery steam generator 190.
The heat recovery steam generator 190 may recover
heat from the hot combustion gases 160 exiting the gas
turbine engine 110 so as to create a flow of steam 200.
The heat recovery steam generator 190 may be of con-
ventional design and may include one or more pressure
sections such as a high pressure section, anintermediate
pressure section, and a low pressure section. Each pres-
sure section may include any combination of evapora-
tors, superheaters, economizers, and the like. Other
components and other configurations may be used here-
in.

[0012] The combined cycle power generation system
100 also may include a steam turbine 210. The steam
turbine 210 may be of conventional design and may in-
clude one or more pressure sections such as a high pres-
sure section, anintermediate pressure section, and a low
pressure section. The flows of steam 200 from the heat
recovery generator 190 may be expanded in the steam
turbine 210 so as to drive an additional load such as an
electrical generator and the like. The steam turbine 210
may include a condenser 220 forthe recovery of the spent
fluid flow therein. Other components and other configu-
rations may be used herein.

[0013] The combined cycle power generation system
100 also may include a steam turbine preheating system
230. The steam turbine preheating system 230 may in-
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clude one or more extractions 240 of the hot combustion
gases 160 from a casing 250 of the turbine 170 or else-
where. The casing 250 may be modified to include flang-
es at various stages to allow for the extractions 240. The
extractions 240 may be in communication with a shell
290 of the steam turbine 210 so as to preheat the steam
turbine 210 before and/or during start-up via a filter sys-
tem 260. The filter system 260 may clean the combustion
gases 160 in a conventional fashion. The filter system
260 may include conventionalfilters, electrostatic precip-
itator filters, a catalyst bed, a scrubber, and the like. The
combustion gases 160 exiting the steam turbine shell
290 may pass through the condenser 220 or otherwise
for heat exchange therein. Depending upon the temper-
ature, the combustion gases 160 then may flow either
upstream of the heat recovery steam generator 190 so
as to exchange heat therein or downstream of the heat
recovery steam generator 190 towards the main stack or
otherwise. The condenser 220 may be evacuated via a
condenser evacuation device 270. The condenser evac-
uation device 270 may be a blower 280 and the like as
shown. Other types of air movement devices may be
used herein. Further, the condenser evacuation device
270 also may be a steam ejector, a turbine exhaust ejec-
tor, a compressor extraction ejector, and the like. Other
components and other configurations also may be used
herein.

[0014] Overall control of the steam turbine preheating
system 230 may be governed via a controller 300. The
controller 300 may be any type of programmable logic
device. The controller 300 may be local or remote. The
controller 300 may receive data from a number of sensors
in communication with the steam turbine preheating sys-
tem 230. These sensors may include a flow rate sensor
310 and one or more temperature sensors. In this case,
afirst temperature sensor 320 and a second temperature
sensor 330. Other types of sensors may be used herein.
Based upon the data from the sensors and the overall
steam turbine controls, the controller 300 may open and
close the steam turbine preheating system 230 via an
inlet valve 350 and one or more outlet valves. In this
embodiment, a first outlet valve 360 and a second outlet
valve 370 are shown. Other types of flow control devices
and the like also may be used herein. Other components
and other configurations may be used herein.

[0015] In use, the controller 300 may receive informa-
tion on overall operational parameters of the steam tur-
bine 210 via the steam turbine controls including, for ex-
ample, the temperature of the rotor and/or the blades. In
order to preheat the steam turbine 210, the controller 300
may open the inlet valve 350 of the steam turbine pre-
heating system 230 so as to allow the extraction 240 of
the hot combustion gases 160 from the turbine casing
250 to flow to the steam turbine shell 290 to warm the
steam turbine 210.

[0016] The controller 300 may monitor the flow rate
and the temperature of the extraction 240 via the flow
rate sensor 310 and the first temperature sensors 320.
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Once the steam turbine 210 reaches a predetermined
temperature, the controller 300 may turn off the steam
turbine preheating system 230 by closing the inlet valve
350 or otherwise. Closing the inlet valve 350 directs all
of the combustion gases 160 towards the turbine 170
and the heat recovery steam generator 190. Other com-
ponents and other configurations may be used herein.
[0017] The controller 300 also may monitor the tem-
perature of the combustion gases 160 leaving the shell
290 of the steam turbine 210 via the second temperature
sensor 280. Depending upon the temperature, the con-
troller 300 may direct the flow either upstream or down-
stream of the heat recovery steam generator 190 by
opening or closing the outlet valves 360, 370. The con-
troller 300 may direct the flow into the heat recovery
steam generator 190 if, for example, the temperature of
the flow is above about 250 degrees Fahrenheit (121
degrees Celsius) or so. Other temperatures may be used
herein. The ejector systems may be used herein to in-
crease the mass flow rate. Other components and other
configurations may be used herein.

[0018] Fig. 2 shows a further embodiment of the steam
turbine preheating system 230 as may be described
herein. Inthis example, the steam turbine preheating sys-
tem 230 may include an attemperation system 380 po-
sitioned on the extraction 240. The attemperation system
380 may include a spray system 390 in communication
with either a water injection 400 or a steam injection 410
via a spray system valve 420. The spray system 390 may
be an in-line mixer, a spray chamber, or any type of con-
ventional device for tempering a fluid flow. Specifically,
the spray system 390 may use either the water injection
400 or the steam injection 410 for temperature control of
the flow of combustion gases 160. The controller 300
may operate the attemperation system 380 via the spray
system valve 420 based upon the temperature of the flow
of combustion gases 160 determined by the first temper-
ature sensor 320 or otherwise. Other components and
other configurations may be used herein.

[0019] Fig. 3 shows a further embodiment of the steam
turbine preheating system 230 as may be described
herein. In this example, an ejector 430 may be positioned
on the extraction 240 from the casing 250 of the turbine
170. The ejector 430 may be positioned downstream of
the filter system 260 and upstream of the spray system
390. Other positions may be used herein. The ejector
430 may be in communication with a source of ambient
air 440 or filtered air 450 via an ejector valve 460. The
ejector 430 pulls in the ambient air or the filtered air so
as to increase the mass flow rate of the flow of the hot
combustion gases 160 flowing through the spray system
390 to the shell 290 of the steam turbine 210. The ejector
430 may be of conventional design. Specifically, the ejec-
tor 430 may be a mechanical device with no moving parts.
The ejector 430 mixes two fluid streams based on a mo-
mentum transfer. The flow of ambient air or filtered air to
the ejector 430 may be controlled by an ejector valve
460. The flow rate may be monitored by the controller
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300 via the flow rate sensor 310 or otherwise. Other com-
ponents and other configurations may be used herein.
[0020] Fig. 4 shows a further embodiment of the steam
turbine preheating system 230 as may be described
herein. In this example, the ejector 430 may use a com-
pressor air extraction 470 instead of the ambient air 440
or the filtered air 450 described above. The compressor
air extraction 470 may be delivered to the ejector 430 so
as to increase the mass flow rate of the flow of the hot
combustion gases 160 flowing through the spray system
390 to the shell 290 of the steam turbine 210. The flow
rate may be monitored by the controller 300 via the flow
rate sensor 310 or otherwise. Other components and oth-
er configurations may be used herein.

[0021] Fig. 5 shows a further embodiment of the steam
turbine preheating system 230 as may be described
herein. In this example, the steam turbine preheating sys-
tem 230 may use a cascading ejector system 480. The
cascading system ejector system 480 may use a first
ejector 490. The first ejector 490 may pull in either the
ambient air 440 or the filtered air 450 and the compressor
air extraction 470 to create a first mixed flow. This first
mixed flow then may be sent to a second ejector 500.
The second ejector 500 may be in communication with
the extraction 240 from the casing 250 of the turbine 170.
The resultant flow then may be through the spray system
390 to the shell 290 of the steam turbine 210. The flow
rate may be monitored by the controller 300 via the flow
rate sensor 310 or otherwise. Other components and oth-
er configurations may be used herein.

[0022] Fig. 6 shows afurther embodiment of the steam
turbine preheating system 230 as may be described
herein. In this embodiment, the ejector 430 may be in
communication with a further combustion gas extraction
510 from downstream of the turbine 170 or otherwise.
Specifically, a downstream exhaust duct 520 may direct
the further combustion gas extraction 510 to the ejector
430 via an exhaust valve 530. The extractions 240, 510
may be mixed in the ejector 430 so as to increase the
mass flow rate therethrough. The flow rate may be mon-
itored by the controller 300 via the flow rate sensor 310
orotherwise. Other components and other configurations
also may be used herein.

[0023] The embodiments ofthe steam turbine preheat-
ing system 230 thus may use the extractions 240 of the
hot combustion gases 160 from the casing 250 of the
turbine 170 to preheat the steam turbine 210. Preheating
the steam turbine 210 during start-up should reduce the
overall start-up time of the plant as a whole. Specifically,
the plant may not have to wait for traditional steam con-
ditions to be met before introducing steam to the steam
turbine to begin the warming process. Reducing start-up
time generally lowers emissions and improves fuel con-
sumption. Moreover, improved-start up times also pro-
vides operational flexibility, increased performance, and
increased competitiveness.

[0024] It should be apparent that the foregoing relates
only to certain embodiments of the present application
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and the resultant patent. Numerous changes and modi-
fications may be made herein by one of skill in the art
without departing from the general spirit and scope of the
invention as defined by the following claims and the
equivalents thereof.

[0025] Various aspects and embodiments of the
present invention are defined by the following clauses:

1. A power generation system, comprising:
a gas turbine engine;

the gas turbine engine creating a flow of com-
bustion gases;

a steam turbine; and
a steam turbine preheating system;

wherein the steam turbine preheating system re-
ceives an extraction of the flow of combustion
gases and delivers the extraction to the steam
turbine to preheat the steam turbine.

2.The power generation system of clause 1, wherein
the gas turbine engine comprises a turbine casing
and wherein the extraction extends from the turbine
casing to the steam turbine.

3. The power generation system of clause 1, wherein
the steam turbine preheating system comprises a
filter system that filters the extraction of the flow of
combustion gases.

4. The power generation system of clause 3, wherein
the filter system comprises an electrostatic precipi-
tator therein.

5. The power generation system of clause 1, wherein
the steam turbine preheating system comprises a
blower downstream of the steam turbine.

6. The power generation system of clause 1, wherein
the steam turbine comprises a steam turbine shell
and wherein the extraction extends to the steam tur-
bine shell.

7. The power generation system of clause 1, further
comprising a heat recovery steam generator.

8. The power generation system of clause 1, wherein
the steam turbine preheating system comprises an
attemperation system.

9. The power generation system of clause 8, wherein
the attemperation system comprises a spray system
for at least one of a water injection and a steam in-
jection.
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10. The power generation system of clause 1, where-
in the steam turbine preheating system comprises
an ejector.

11. The power generation system of clause 10,
wherein the ejector is in communication with at least
one of an ambient air flow, a filtered air flow, and a
compressor air extraction.

12. The power generation system of clause 1, where-
in the steam turbine preheating system comprises a
cascading ejector system.

13. The power generation system of clause 12,
wherein the cascading ejector system comprises a
first ejector in communication with a compressor of
the gas turbine engine and a second ejector in com-
munication with a turbine of the gas turbine engine.

14. The power generation system of clause 1, where-
in the steam turbine preheating system comprises a
further extraction from downstream ofthe gas turbine
engine.

15. Amethod of preheating a steam turbine in a pow-
er generation system, comprising:

extracting hot combustion gases from a gas tur-
bine;

filtering the extraction of the hot combustion gas-
es; and

flowing the extraction of the hot combustion gas-
es to the steam turbine to warm a shell of the

steam turbine.

16. A combined cycle power generation system,
comprising:

a gas turbine engine;

the gas turbine engine creating a flow of hot com-
bustion gases;

a steam turbine;

a heat recovery steam generator; and

a steam turbine preheating system;

wherein the steam turbine preheating systemre-
ceives an extraction of the flow of combustion
gases and delivers the extraction to the steam

turbine to preheat the steam turbine.

17. The combined cycle power generation system
of clause 16, wherein the gas turbine engine com-
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prises a turbine casing and wherein the extraction
extends from the turbine casing to the steam turbine.

18. The combined cycle power generation system
of clause 16, wherein the steam turbine preheating
system comprises a filter system that filters then ex-
traction of the flow of combustion gases.

19. The combined cycle power generation system
of clause 16, wherein the steam turbine comprises
a steam turbine shell and wherein the flow of hot
combustion gases extends from the gas turbine en-
gine to the steam turbine shell.

20. The combined cycle power generation system
of clause 16, wherein the steam turbine preheating
system comprises a spray system for at least one of
a water injection and a steam injection.

Claims

A power generation system (100), comprising:

a gas turbine engine (110);

the gas turbine engine (110) creating a flow of
combustion gases (160);

a steam turbine (210); and

a steam turbine preheating system (230);
wherein the steam turbine preheating system
(230) receives an extraction (240) of the flow of
combustion gases (160) and delivers the extrac-
tion (240) to the steam turbine (210) to preheat
the steam turbine (210).

The power generation system (100) of claim 1,
wherein the gas turbine engine (110) comprises a
turbine casing (250) and wherein the extraction (240)
extends from the turbine casing (250) to the steam
turbine (210).

The power generation system (100) of claim 1 or
claim 2, wherein the steam turbine preheating sys-
tem (230) comprises a filter system (260) that filters
the extraction (240) of the flow of combustion gases
(160)

The power generation system (100) of claim 3,
wherein the filter system (260) comprises an elec-
trostatic precipitator therein.

The power generation system (100) of any preceding
claim, wherein the steam turbine preheating system
(230) comprises a blower (280) downstream of the
steam turbine (210).

The power generation system (100) of any preceding
claim, wherein the steam turbine (210) comprises a

10

15

20

25

30

35

40

45

50

55

10.

1.

12.

13.

14.

15.

steam turbine shell (290) and wherein the extraction
(240) extends to the steam turbine shell (290).

The power generation system (100) of any preceding
claim, further comprising a heat recovery steam gen-
erator (190).

The power generation system (100) of any preceding
claim, wherein the steam turbine preheating system
(230) comprises an attemperation system (380).

The power generation system (100) of claim 8,
wherein the attemperation system (380) comprises
a spray system (390) for at least one of a water in-
jection (400) and a steam injection (410).

The power generation system (100) of any preceding
claim, wherein the steam turbine preheating system
(230) comprises an ejector (430).

The power generation system (100) of claim 10,
wherein the ejector (430) is in communication with
at least one of an ambient air flow (440), a filtered
air flow (450), and a compressor air extraction (470).

The power generation system (100) of any preceding
claim, wherein the steam turbine preheating system
(230) comprises a cascading ejector system (480).

The power generation system (100) of claim 12,
wherein the cascading ejector system (480) com-
prises a first ejector (490) in communication with a
compressor (120) of the gas turbine engine (110)
and a second ejector (500) in communication with a
turbine (170) of the gas turbine engine (110).

The power generation system (100) of any preceding
claim, wherein the steam turbine preheating system
(230) comprises a further extraction (510) from
downstream of the gas turbine engine (110).

A method of preheating a steam turbine (210) in a
power generation system (100), comprising:

extracting hot combustion gases (160) from a
gas turbine (110);

filtering the extraction (510) of the hot combus-
tion gases (160); and

flowing the extraction (510) of the hot combus-
tion gases (160) to the steam turbine (210) to
warm a shell (290) of the steam turbine (210).



EP 3 354 877 A1

0LL

r

v e e e e . e e

|

Alllll!lla‘li(.*w(li

S o e o e . v e s e e

(14

7~ 08l
IP — gel
nat

vl — %l oLl
051



EP 3 354 877 A1

044

E S

o e

b i i e . S

0zl

vt . o e

i

i

i

'Iul’ ! i

s ARG : 0o e o

T T TV

lllllllll . o o o e e e e i e o e o o s i

— [Tog — Vo

[

1\;\._u_...l\y\\\..ﬂ( 062 b

. o

0L i ”
uI*HHNHNNNHHHHH.HHHHHHHHHHHNHHHHUUHHHHHHHHHHHHHMM‘HHWll o e s

P T S

LT Y T R —————

uey

N 01p ‘007



¢ Ol

04t

A

EP 3 354 877 A1

)

ozl
gl
ry $ A , . l\_ﬂ. -
081 !\ 057 /| 0ai

mmm Ol |.\ %II - w:

0EF —

08z

B 06¢ A
01z
H F
[
1
i
|
$
[
H

057 ‘0F ~ v

e
o
o
T
F
o e

;!

ooy

N 014 ‘008

TR 0 Oz =

e o i . o i e e

e e o e o e

Lok
o
s
e s e o e

e e i i e e 0 e S

e e e —————————— e .
1 S =001
008 = e S



EP 3 354 877 A1

v Old

0Ll

&

R

L
N
el

(gl

0ge

08 =\

e
d
T

08z

08e

08 =y ™

o
ALy
ke

&
3

ozl
08l

: ”amﬁ

08t |HI

el 0l

08F ‘0F =\ v

. o e s o i i s v

F 3

e
T
fag
4
“““&“'Qg'
B,
>

S Ihem

(-
=
(-
-

0oy

)
=y

]
L
&

i

e o o e e S

g o s e s o o
e e s e e s O S W O T )

ll\““l
R 01z
e o ——————— e e e
lllllllll o 1 o " - o - " o o . B o o s s e R B i i o e e g ? e i e e e e
, B R UL RS Je EpEa
008 ~ b et e R |

i
i
¥
§
i
i
¥
i
i

N 01t 007

e

10



G Old

EP 3 354 877 A1

0zl
P ... 708l
< = € = F \— oe1
o651 —/] 0oL o
00z 0% oyl — ?
0ol oLl
m v
W@A L2987 oy
0lg
A R gy

1"

¥
§
P :
082 028 ™, b
+ - -
\m e | 0T Pl A

¥
0l " P i
F— 1
: F 3 5 . '
......... %‘U y ogg A o o0p

§ E

0ge | ol - & m : m
i e el i

1 il !
WRE— MIAE— =2y || |
- B [~ R I R d
” T N e e R !
¥ e Ll | — 'R B i
m UOEE L i "
' % P L H
' ol v T '
s 1 s . i s e, o e S 4 URSIRTR NI O I i
T R SRR PR,

T T tllllil.uw. m.ﬁ ﬂ.}mm@
i

L]

;- - - o o 2 5o R B g R A W P R R e o SO B T R R i o e o o o e oy o &



EP 3 354 877 A1

L3

1.____.._-__-___-__-

9 Ol

0Ll
AR
y Y A = 1
_/ % o1s ./
081 052
a0z 08g
€l
Wﬂ 085 i
[ ——
0l v
0se {1
M“
0ep = . ¥
o TN oz i
[ 38 1
L ]
068 = 092 ~\ ./ w“
i
[ K
B
§ ¥E
- o oge A w7 ¥
; o AR
| S SRR
i ’l’[}juﬁ’f] i ¥ i
¥ ¥ 1 ]
........ B N0om = i i
........... 1 T
e e s i e o g, e o o s [ . o L e e e f ) m_,
- oo (mws: S R
i 1! P
x..\\El&tt\\.&.\mw 062 R
*_ § ol P
01z AR
T . SO SR———: I B
Lo
i
¥
&

0zL

N 01t 000

12



10

15

20

25

30

35

40

45

50

55

EP 3 354 877 A1

des

Européisches
Patentamt

European

Patent Office

ce européen
brevets

N

EPO FORM 1503 03.82 (P04C01)

EUROPEAN SEARCH REPORT

DOCUMENTS CONSIDERED TO BE RELEVANT

Application Number

EP 18 15 2078

Category

Citation of document with indication, where appropriate,
of relevant passages

Relevant
to claim

CLASSIFICATION OF THE
APPLICATION (IPC)

X

US 2009/193787 Al (WEST JAMES [US] ET AL)
6 August 2009 (2009-08-06)

* paragraph [0018] *

* figure 2 *

EP 2 738 360 Al (ALSTOM TECHNOLOGY LTD
[CH]) 4 June 2014 (2014-06-04)

* paragraphs [0033] - [0035], [0038] *

* figure 1 *

US 2005/150229 Al (BAER JOAN M [US] ET AL)
14 July 2005 (2005-07-14)

* paragraphs [0008], [0011] *

* figure 1 *

US 5 473 898 A (BRIESCH MICHAEL S [US])
12 December 1995 (1995-12-12)

* column 5, Tines 3-21 *

* figure 1 *

1-5,7-15

1,2,6,7

1,2,7

1-15

INV.
FO2C6/18
FO1K23/10
F02C7/26

TECHNICAL FIELDS
SEARCHED (IPC)

Fo2C
FO1K
The present search report has been drawn up for all claims
Place of search Date of completion of the search Examiner
The Hague 21 June 2018 Gebker, Ulrich

CATEGORY OF CITED DOCUMENTS

X : particularly relevant if taken alone

Y : parti

document of the same category
A : technological background

O:non

T : theory or principle underlying the invention

E : earlier patent document, but published on, or

icularly relevant if combined with another

after the filing date
D : document cited in the application
L : document cited for other reasons

-written disclosure & : member of the same patent family, corresponding
P : intermediate document document

13




10

15

20

25

30

35

40

45

50

55

EPO FORM P0459

EP 3 354 877 A1

ANNEX TO THE EUROPEAN SEARCH REPORT

ON EUROPEAN PATENT APPLICATION NO. EP 18 15 2078

This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report.
The members are as contained in the European Patent Office EDP file on
The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information.

21-06-2018
Patent document Publication Patent family Publication

cited in search report date member(s) date

US 2009193787 Al 06-08-2009  CH 698467 A2 14-08-2009
CN 101503976 A 12-08-2009
DE 102009003425 Al 06-08-2009
JP 5476003 B2 23-04-2014
JP 2009185813 A 20-08-2009
US 2009193787 Al 06-08-2009

EP 2738360 Al 04-06-2014  EP 2738360 Al 04-06-2014
US 2014150430 Al 05-06-2014
US 2017122130 Al 04-05-2017

US 2005150229 Al 14-07-2005  NONE

US 5473898 A 12-12-1995 CA 2168314 Al 02-08-1996
IT PD960008 Al 28-07-1997
JP HO8240105 A 17-09-1996
Us 5473898 A 12-12-1995

14

For more details about this annex : see Official Journal of the European Patent Office, No. 12/82




	bibliography
	abstract
	description
	claims
	drawings
	search report

